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FOREWORD 


A successful research, development, or training program requires a 
rnewledge of the extent of environmental representativeness of test sites 
and training areas. The Quartermaster Corps, at the request of the Carpa 
of Engineers, Waterways Experiment Station, under a directive from the 
U.S. Army General Staff, is developing a generalized comparative climatic 
picture of the wet tropics throughout the world by a series of tropical 
anilop studies. The series parallels another already completed, which 
presented comparisons between Yuru, Arivona, and the warious desert re- 
gions of the Borthern Healspners. 


This 1s the fourth report of the tropical series. It compares the 
Canal Zone climate with that of West Central Africa, and by so doing 
provides a climatic reference for military plamers and test personnel. 
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ABSTRACT 


hey 
the results of climatic testing in the Canal Zone may be apolied 
with considerable confidence to mich of the northern shere of the Gulf 
of Guinea. The climte of the coist is closely analogous to that of 
either the Atlantic or Pacific side of the Canal Zone except for the 


western part of the Bight of Benin. 


Close analogy to Cristchal, representing the wetter, windward, 
Atlantic side of the Canal Zone, is found in the wetter parts of the 
ptudy area al the head of the Fight of Biafra ind seaward of the 
Tinea Highlands. Close aualcgy to Balboa Heights, representing the 
drier, lweward, Pacific side of the Cara] Zone, occurs on the east 
side of the Guinea Highlands, on the coast between the Guinea Eighlands 
and the west side of the Bight of Benin, on the eastern shore of the 
Bight of Benin, on the upper Niger delta, nd on the southern and 
eastern sides of the Cameroons-Gehon Plateas. 


Analogy with the varicus single elements wapped in this stucy is 
generally coistal in distribution, extending ncrth in some instances 
to cover the sudan. The Atlantic coast of the Sahara and certain 
Saharan uplands are analogous only for tesperature of the warmest 
month; otherwise, the Sahara is not analogous. 
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AMAlGGS LF CARAL 2CKE CLIMATE Ih at.7 ChRTHAL AFRI 


1, Purnese and scope 


This revort is the fourth of a series ecm aring the climite of 
Cristetal and Saltoa Heiyhts in the Conal Zone «ith other tropical 
regions of the world, These teo stations sere sot tal to represent, 
respectively, the climtes cf the Atian‘ic oni bacific oaurtions cf the 
Canal Zone. The envirenment of Cristchal is feseribed in a previous 
report (siley and others, 1955). 


Ko sitecst has been mide te provide a recicual ciumatc .eyy of 
West Central Africa. Instead, certain clamitic elements have been 
selected as most sipnificant, and for each of these a cap has been 
mide shosing the jistribution of conditions closely analogeus to 
those of Cristobal an! "alboa Heights. Seme of the inform tion 
presented cn tuese maps of singie climitic ~loments has been consoli- 
dated inte 7 cemmosite maps, 1] fer wack of the s Canal Zane stations, 
showing areis where there is a ccinciience of analogy for up to 4 
elimotic elenents, 


and _peoprarhy of West Central Africa 


wet Central Africa is an area of trovicsi climite north of the 
Equator, «est of 17° E longitude, tnd south of the Sahara Desert 
(Figur. 2). Its climte is affected hy mountains ai plateaus, al- 
trmugh it nis only moderate relief. 


2, Delintistion 


(Fig. 2) 


The broadest coistal lowland in Africa south of the Sahara is 
that of Serect) in shich the sulin’ rei-hes the sea, The §00-fcot 
eentour enclosing the lowland crosses the Senet) Aiver nearly 500 
miles east ef Dakar. This lexland extenis northeird into Saharan 
Fauritania and Rio de Gro and southward toa iiclude Gunbia anc 
Portuguese Guinea. A little further seuth fhe coast plain is 
interrupted shere outliers of th Fou a D4..cn mountain mnge meet, 
the sea. 


Sycert ona few outlying peaks in Sierra Lecre and Laberia, 
the 1,00.-fect eentour remains at a distiunce of iO to 200 nbles from 
the coast az far us the head of the Bipht of Siafra, despite the fact 
thit the coist is quite hilly. The Kicer Detta, shich separvtes the 
Biphts of Senin and Siafra, is the cnly large irea on the coast with 
out hills. It ls occupied by a broad fan-pattern of smal) distribu. 
tary streims. At the head of the Tight of Biafra, just east of the 
Kiger Delta, Mount Cameroon = (19,354 ft), the histest point in 


weet Central Africa, rhoes Crom the outer miryin ef the coustal lowland. 
Tt in tenarated from the Comerocees Moentadng boa narrow lowland jap. 
veutia mote the bquater the comstal lewland 4: less than 100 miles wide, 
Mad it is completely interrupted at steep Cabo San dian, 


The costal Wighlants north and east of the Gulf of Guinea have 
feo main sess of moountalas. The Guinea Hihlonts bee ludung tue Pouta 
Disten (+. 770 feet) form the western ond of the 3s push. haa 
Of the ter cena lewlimis. The Comerocna Mount a 
extend rootheaetward from Mount Cameroon.  Toytetoes » a eink Gewese. 
they fore a Sa0-rbTe contimiation inland of a northeist-southwest Jine 
ef oseuntoina sarked in the Gulf of Guinea by tro islands of Annoban, 

ilo Tome, Prinetje, and Fernando Po. 


Tetwoa the Guinea Highlands and the Cineroons isa reyion af 
hilis, Tow sountains, and low plateaus cut by nunercus river valleys. 
Acmurtes of the vallevs form considerable inland oxtensions of the 
soastal Vowiind, the most importint being ‘ trou along the lower Med 
ee Perue Rivera, South of the Caserocns Mountains lies the bread 
2 AenbLine? Sen Piatew whieh dn mostly thove 2,0 20 fomt and much less 
crn ieee cnt thet hi, “hl uads north of the Gulf of Guinea. 


ta 
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The relatively depressed zone that extends across the study 
reed dn Freach Sadan, just north of the hrehlands, is cemposed of three 
mijor tasias, tha Senos Lewland, the Weer Nicer ® isin, and the Lake 

ae ort Wh mountains, me tly werth of the maser basins, are 
sind the Abies war. weit of these mountatns are 


initio controls 

ty “tron currents of air infiuence the climate of Wect Central 
Afried, vitor hot dry air from the Sakira moving ccuthwesteand as part 
at thee her 26h ati bert ooere teats ednd cystem is lesinint im the northern 
porte? the pasion thrournot the veor aed moashes the southerm part in 
theodryoor atrter seaden,  Southeeuterdy y Und from whe Southern Hemisphere, 
“ly eed monsoon, mast beoquse it bless off the Seuth Atlantic, 
Ponites oa ot oof the eeast of the Gulf of Giinea ind moves northward inte 
the heli Vardi the cusmer, badiean: citn te thit ore, 


This nerthwud meveaent of the ruins is °:.oclated with the 
oot sorta unt movement of the sun and with the corresponding nerth- 
eamb shi ftoef the ejustorial lew pressure belt, The equatorial low ds a 
miotery acne of convergence in which the oppesing alr is lifted, caus. 
kre Pre ae nt avy riins. In the penthern part of the study area mny 
etotdors lave ‘tke maxima of riinfall which are is:ecliated with the north 


WAU posta ond ceturn of the low. Forther north, in the French Sudan, 
the two rin fill miyima tend to merge into one. The summer dry season 
thos becomes sherter towird the north, and finally disaovears, The wheter 
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dry season becomes correspondingly longer northward antil in the Sahara, 
beyond the range of the oquatortal low; there is no wet saason at all, - 


The reguiarity of the climatic puttern protluced by this wind 
system 43 sowwhat disturbed hy other fictors, especially topogravchy. 
The two areas of very heavy rain on the ecist of the Gulf of Guinea le 
on the west and southwest or windward flanks of the tee principal moun- 
tain ranges. The dry coastal region around Accra, norttsest of the 
Bight of Senin, is sheltered from the rain-besring west and scuthwest 
winds by bills and mountains. Relatively cool water in the Bight also 
contributes to local dryness. 


3. Climatic suemry of the C2 11 Zone 


The Pacific ~ortion of the Canal Zone, represented by Galboa Ueights, 
has a moderately huxid tropical climate with a s+latively dry season of 
four months (Pig. 1). The difference in mean mcnthly temperatures of 
the warmest and coldest months is only 2 F°, and the range from the 
hichest mean daily maximum (March and April. 90°F ) to the lowest mean 
daily miniaum (* truary, 71°F ) is only ty F° The sean annual temperature 
of 79° Fis typicel of equatersal areas, rrecipitaticn, awverazing 70 
inches anrually, is markedly seasonal. we months, February and March, 
have less than 1 inch of rainfall, and 5 months hive more than 8 inches. 
The dry seascr bezins in December and ends in April. Rainfall in each of” 
the remaining months is more than 7 inches; October and hoventer both 
have morw thin 14 inches. Relative humidity is tish from June through 
Hovenber. Clowiiness is at a maxumm from May through overter, coin- 
ciding with the wet season; sky coverage averages about 8 tenths at 
Ealboa Heights at that season. Wind speed, however, is greatest during 
the dry season: winds average 9 to 10 mph at Salboa Feignts from January | 
threugh April, but only about 5 to 6 mph i: the other months. Scutheast- | 
wird toward the coast, there {s a slight Jecreise in rainfall and an ine 
crease in terperature, as elevation drops to sea level from 118 feet at | 
Balboa Beights. [ 


The Atlantic portion of the Canal Zone, representet by Cristobal, has 
a wet tropical climate (Fig. 1). The dif°erence in mean terperitures of 
the warmest ind ccolest months is only 2 °°. and the range from the 
Ley Sided mean daily sicieum (April. May, June, September, and October, 
26°F)to the levest mean daily minimum (October and Kovember, 75°F) is 
cnly 11 F°. The mean anal temerature of 61°F is typical of 
ejatorial areas. Precipitation averages 150 inches a year, and the 
monthly distribution is uneven. Although so month can be considered 
complewely dry, 2 aonths have Jess than 7 inches of riinfali, while 6 
months have more than 1] inches. The drier season at Cristobal begins 
in January (5.4 inches) and ends in April (4.1 inches), UVuring the re- 
maining months, average rainfall ranges from about 12 to 72 inches. 
Mean relative humidity is high in all months: the lowest sain walue, 77 
percent, occurs in February and March. Cloud cower is greatest in July, 


CRISTOBAL BALBOA HEIGHTS 
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Figure 1. Clisatic sumary of two Canal Zone Stations 
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Potemths, ud least in Februwy, 5.5 tenths. Fearn cond upead is ¢reitest 
in Fe nwiry ant Eareh (newly 13 mn) and least be Se tomber (heat 6 avh). 


& Criteria onl mthots 


As in the crewious ttefies ef this curses, tor, mature, preci, itation, 
huni dity, cloud cover, ani iind speed war the oliretic elements consi tered 
mot important to rilitary activities, Tt war as.ured that test authorities 
are mon interested in stress periods {e.g.. metiest an nettest) and annual 
fluctuations than in the data for srecafic ty lewiur mouths. Accordingly. 
the wirmesbt, coldest, wettest, wil criect menthy ef Lie year at ech station 
were celueted for study. The follosing specific combinations of elemants 
and month were studied: 


(1) Mean teseracure of Ube earnest month 
(2) Mean daily miximn turperature of the wireest month 
(3) Mean texperiture of the coldest menth 
(4) Kean daily minimm terpersture of the ecidest mor.th 
(5) Mean daily tcmperatore range Of tbe »icwol raaith 
(6) Mean annua) precipitation 
(7) Mean precipitition of the xettust month 
(5) Munber ci wet sorths 
(9) Relative humidity of the driest month 
(10) Mean cloud cover of the wettest month 
(11) Mezn wind speed of the wettest month 


b. “Antlogous" and “sentir! 27 nas" races latins 


Clisses were established defining the runes of ¥ ques censicerad 
closely analogous to those for Falrea Yecghts and Cr.stebal. Fairly narrow 
Virits: of analogy were used to koep compirsies clev-ly nerresentative of 
the two reference stitions. Table I cist. the classes of analogy and seami- 
analogy selected for wach element. For temeruure, a departure of 4 de- 
grees from the mean at the Canal Zone station #13 tllused for each walogy 
class (except where a mein wis tisen for tne tec 5 farence strtions), and 
an aiiitional 4 degrees fur semai.alory. For croc. t tion’ Lhe mein 
anmual rainfall of 70 daches it Eiltoa Meights 14 t below that 


ne eT | 
normally considered + uatorial, therefore, in tits staly the limits of 
analogy were set at 55 te 85 inches, 4ifferentaating at frem most ever- 
green rain Terest areas, on the upper margin, ag? u.cinna areas, Gn the 
lower mirgin. Cristobal, «iach his 2 i> rieal eversrem rain forest type 
of climte, has a mewn annual rvinfasl of 179 cnebes. De artures of 350 
inches of mein anmal rainfall sere roaticeTed waiorous to Cristobal, 
an? an adiitioma, 30 tnehes was considered seeanalerous. Banartures of | 
5 percent in mean relitive bund tity, Lo tenth in cnmount of cloutiness, ane 


2 mh in wind svead were selected as rimies of analegy for these slenents. 
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ec. Explanation of maps 


Values are sho... for each station, with degree of analory 
‘adicated by a symbol. Isopleths were ....wn to show zones of close 
analory, and these zones are shaded, Areas of semlanalogy were not 
shaded but were indicated by placing the arrropriate symbol on the map 
and legend for stations having semianalogous conditicns. From the 
separite maps showing analogous ireas for each element, two composite 
maps were prepared, cne for Balboa Heights and one for Cristobal, in- 
dicating regions where the following & single elements are analogous: 
mean temperature of the warmest month, mean temperature of the coldest 
mnth, mean annual precipitation, and number of wet months. 


ad. Limitations of data 


The procedures as outlined have certain definite limitations 
in a climatic compsrison of this sort. Foremost among these is the 
necassity, often encountered in climatolory, of assuming climatic 
conditions in areas having few if any stations. 


A second limitation is thit some olements, such as dew point, 
solar radiation, and visibility, which would have proved valuable as 
indicators of climtic analogy, were not included in this study be- 
cause of the limited amount of data available. 


For certain elements the number of stations rerorting does 
not provide a representative picture. Consequently, isopleths were not 
draw for mean relative humidity for tre driest month, mean cloudiness 
for the wettest month, cr mean wind speed for the wettest month, The 
aseumption has been mde that Balboa Heihts and Cristcbal are repre- 
sentative of the Pacafic and Atlantic portions of the Canal Zone. 


Data from some African stations ar: not given in a form 


" directly comparable to Balboa Heights or Cristobal records. Where 
_ period of record, hours of observation, or man.er of observation 


differed, station records had to be interpreted in driwing the 
{sopleths. Values outside the limits of anslogy or semlanalogy were 
act analyzed, nor were combinations cf c° imitic elements other than 
thore involved in computing number of wet months. 


The method of recording temperatures viries from country to 
country. Mean temperatures are usuilly determines by averaing the 
aally maximus and minisum teqeratures, however, at some stathons in 
Fast Central Africa the meins are obtained hy avers ing bi-hourly 
temperature observations, as at Balboa Relivhts and Cristobal. Expe- 
rience has show that the difference between meso tem eratures derived 
hy these different ways is seldom more than 1 F°. Hours of observation 
of relative humidity, wind speed, and cloudiness viry widely throughout 
the study area. 
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5. Anlysis of sin le-vlement mins 


Intivirtual maps showing wWalc ous 67615 hove been cre;ired for the 
eliratic elemunts licted in parioraph sa abeve, mumiers 1 threwjh & Maps 
of eloments 9, 10, 12 have been 7 reared showing only the vilues Ter indi~ 
vidual staticers, since the dgta were ecucidered ingle wate for delixniting 
analojous Areas. 
warmest Fer tt 


(Fig. 2) 


a. Mean Tem eruiuse 


3alboa Feistts and Cristchal fave iimest the sie rem tenperature 
for the warmest month (86° and &2°F. resi ectavely). Fagere 3, therefore, 
shows only cne zone of, analoyy. lying bet.een the 7 ani 65°F isotherms. 
Yost of the ~nalugy <hcKn on Figure 3 as :cuth of 4.% 30° E lvtitute. . 
horth of that line only the Ahaggar rune? wt @ narrow Put continuous 
strip of coast are analogcus; elseshere it as +oc hot for ansicgy. ‘sith 
in the analogous zore the suits cf the Anmyvar. the ‘suinea Highlands, 
most of the Cameroons Mountains, ani a consiiersble part cf ihe Camercens- 
Saben Plateau are too cool for inalor. 


b. Kean Daily Maxirur Tor erature worgest henth (Fig. +) 


At Balboa Heights the rean diily mira temer.ture for the 
warmest month is 90°F. at Cristobal, whith nasi less preneunced, dry 
season, the corresrcn ling tempersture rs Sé°F. Anziercas ares are 
those «hich have terzperatures within 4 F’ of these neans. The 22° to 
g0°F ranre is thus analogous to Cristciai «mi the ego 45 2°F ringe to 
Silbon Heights; the range fron p6° te GOOF As unalogeus to both. 


In west Central Africa, onalogy 15 clovely eomTined tc the coast 
eycent in areas sheltered ty the Guinea = vlands qui Carercess Meunt«ains 
from the high termmerctures associated with Sahiran winds. Analcgy to 
Balboa Evights alone is ccntinuous scross the mp, row toy paralleling 
the coist except in the Comerocns whem it: northern Lirit icllows the 
inland margin of the highiund. Inland extencions and “sclanis” of 
3atbor Keights sanslegy cecur i. the Fouta Drion and on hiyriands north 
of the Benue River. ana.cpy to both etoticns cecuples aircst aii of the 
{mrediate coast south of 7 acto (Sierra Leene). Along the northern 
coast, “dual" analogy is found cn ech pemincsla. jaa anale gy occurs 
tn the Fouta Jjalen, and is rther aytonsive Ietween the Julwa igh 
lands and the sea. It also cecuries practically the wncie of the 
Cimercons Mountains on! Camercens—othon id li ieee Analegy te Cristobal 
alone occurs only on upper mountiin slcpes eithin the areas ef dual 
analogy. Lack .° analcey beewse of weersive coclness 2: penrs on the 
map only at high levels in the esteem canerens Pow. tains. 


c. Mean Temperature, Co2d25t Ecath (Fig. 5) 
Balboa Feights and Cristotal have similar an tery eralures 
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in thelr coldest month (78° wat 20°F resrentivel: we just as they do in 
thelr wermest nenth, For simplicity, a cinple 8 Focone of ana loyy 
conlerod on a nesan of 20°F (75° to 63°F) is presented on the mp. As 
shown on Figure 5 the zone wm@lopy oevusies sost of the southern half 

of the study area, Areas tea cool for analogy include the hole northern 
half of the stuly region as well as the Goirea Fichlinds, the Camercons 
Mountains, the Camercons-Gahon Plateay, varicus other ni. ohlands, and 
areas on the coast of the Fight of Siafra and the western Bight of Henin, 


d, Mean Daily Minimum Temperature, Coldest Month (Fig. 6) 


At. Balboa Heignts the mean daily minimum temeriture of the 
colde:t month is 71°F, whereas at Cristohal it is 25°F, The & F° ringe 
of analopy used on ev ean side ef these rmemns extends analoyy with Halboa 
Heiphts to 47°F and with Cristetal tc 79°F, Stations with temperatures 
between 71° and 75°F are analegous to both Canal Zone stacicns. 


No area sn Figure € is walo;ous to Cristcbal -lone. The total 
area of Aaltoa Heights analogy and dual analogy is considerably less 
than the area of dual analogy for mum temperature in the coldest month 
(Fir. 5). Analopy to Boitoa BRetghts occurs on Jowlands and in low 
meoumtiin areas south of 12° &, which is the a: upoximite northern limit = * 
of the coastal hivhlands and southern lirit of the saJan, and also cn 
the eirtern flank of the Cameroons Kcuntatos and Carnerocns-Gabon 
Plateau. Dual analogy is lVivtted to imelinds and the coist. There Ms 
frest civersity amen: stitiows even within the mart consictently analo- 
Prous Are, 


AL Baltoa Heights the mean daily tereerature rorge in the warmest 
renth is 16 F°, chereas at Cristobal. cirectly errosed te the trade winds 
from the sea, it 4s only B F®, & rence of & F’ on outrer side of these 
mons Ls considered mmalogews. The iP F° isotherm therefore separates 
the two zones of analogy. 


Analopy is clesely comfnnd to tno court excep. on the Caneroons- 
Sabon Platuau, the corstal sade ef the Cameroons Kount:ins, and small 
areas in the Guinea Highiands. The asalcrous zone is seldom rreater 
than 75 miles in width west of the Carercors, though analojy is continu. 
ous on the coast south of 19° 8. Analogy wir Cristebal cecurs only on 
the immediate shore at the bed of the Migtts of Biafra and Genin and on 
tbe nortiwestern snore of the Gulf of Guinea. 


tf. Mein Annual Precipitation (Fig. &) 


At Balboa Heights the sean arcc] precipitation is 70 inches, 
whereas at Cristchal it 1s 198 Imches. A ringe of 30 inches om either 
side of the mean is considered amalocous to Cristo], shereas a 15-inch 


* 
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range is used for Salboo Heights. 


The two major wet regions in the study area are amilogous to 
Cristobal: one on the windward side of the Gu luea Hichlunds and the other 
en the windward side of the Cameroons Mountains within «sch of these 
there are smal} coastal areas too vet for apalogy The .2ttest spot is 
the seaward face of Mount Toneroon, sich has an annual sean of apo - 
m tely 400 inches of rain. 


Naltoa Heights analogy occupies coast al areas adiacent Lo wet 
repions and extends Anland on the hichlands. Areas 70 iry for analoyy 
reach the coast only along the western shore of the Right of Snin and 
along the Atlantic coast north of 13° 8 (Gambia). 


Tne heaviest precipitation, aside from thot on the seaward side 
ef Fount Camercon, falls on the coastal lowb.mds of the area rather than 
in the kicher mountains. Cnty one hirh-lovel station, anenca, on the 
wactern flank of the famercons Fountains, has epooph precipititian to be 
anvlovous to Cristobal. 


g. Mean Precinitaticn, wettest Menth (Fig. 3) ° 


At Balboa Heights the nein rrecipitation of the wettest month 
is 1] inches whereas at Cristobal ‘t is >? gnches. Anclop with dalhoa © 
Hetghts is considered to extend from & te 14 inches and ar.logy with 
Cristobal from 15 to 29 inches. 


Because the stuly area is more seascnas thes the Canal Zone, 
especially as one muves nortrward from the Gulf of Guinea, analogy with 
respect to precipitation in the wettest month extents ruch further north 
than an.lergy with resrect to annua] rrecinstation. Fal bog feizhis anal- 
cry resches a rather cegalar lire extending from shout 16 & at St. Louls, 
Senegal, in the west to abcut 13° A near Lane Chae on the east. 


The principal change in Cristohal analogy ‘rom Fiore 8 is greater 
extension in either direction acre the co..* Gut liers of such analogy 
also oceur az much ay 250 miles 4niard, A farray large area foo wet for 
analogy occurs on the seward side of the Goines Highlarts A similar 
area aropnd Mount Cameroon is less extensive. The ualy area too dry for 
analogy south of sudan lies acong the vestern vart of the Right of Benin. 


h. Ruxber_of Wet Months (Fig. 10) 


The wetness or dryness of a tenth his tem deterzined on the 
basis of Thornthwaite's 1931 temperature-precipi tation formula. Abbre- 
viated values based upon this formula are fiven below. 4 nonth is 
considered wet if its monthly mean precipitaticn eynais or exceeds the 
amount given oposite its monthly mean tesperiture in the tain ation. 


Mean monthly Mean monthly 


torperature (°F) rreciritation (in.) 
95 2.68 
~ 2.71 
85 2.54 
60 2.37 
73 2220 
70 2.99 
68 1.9% 


Balboa Heiphts has an average of 9 wet months accorfing to this 
forma, shereis Cristotal has 10, Areas having a wet perlod one month 
loneer or shorter than these means are considered analogous. A station 
with 3 wet senths is thus analogous to Balboa leights, one with 9 or 30 
wet mcnths is analogous to hoth Canal Zone stations, and one with 11 
wet months 1s analogous to Cristctal, In Fisure 16, areas with 12 wet 
months are considered ncnanalogous and are found only at the head of 
the [iypht of Piafra on the sindward slope of Mount Cameroon and on the 
nearby cuorsl, Areas of anilogy vith Cristobal alone occur on the outer 
Kiger Delta and on the east shore of the Fight of Biafra. Dual ana lojcy 
is continuous over the pl.tew and reasard scuntain slopes of the 
Camerosns, as well as along the coist is far as western Liberia, except 
on a portion of the nertheast eorst of the Fight of Benin. The western 
shore of the Bight of Benin is dry too many nonths for analogy with 
Salboa Heights. The sorthern houndary of Biipoa Heights analogy extends 
north of 10° r only in the western Guinea Highlands. Elsewhere, there 
are too many Iry ncnths ‘or amilogy. 


i. Relative Humiiicy, Driest Month (Fig. 12) 


The rol-tive humid}ts of 3albea Eetchts is 75 percent in 
Februiry, the tonth of Jeist miinfali. The cerrespoeniding figure for 
Cristcinl is 7? persont in February ant March. Analogous stations are 
thore having mein driest month humidities within § percent of these 
mems. Silhor Reights imalory ths extents from 70 nercent to 80 
‘percent ind Cristcha) anviocy from 7° percent te €2 percent. ko areas 
of inalory are mapued an Figure 11 because of the sparsity of data 
and the difficulty of detersining their com irability. The data showm 
indicate that analogy is usual in the wetter paris of the stuty area. 


J. Kean Cloviiness, wettest Month (Fig. 12) 


Bilboa tieights and Cristobal both have 7.6 tenths cloud cover 
in their wettest months. ¢, ringe cf 1 tenth on eveh side of the mean 
is considered analogous. Xo areas of anclogy are drasn on Figure 12 
because cf sparsity of data, but inspection cf the scattered stations 
Shows tht analogy is widespread. 


Posy He Ae Mae west Lm a amen aes ceppengun ciel Se eee 1 aR Us Bm AA gna 5, Moe me NATE HTD a Yas yee 
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k. Mean Wind Speed, wettest Konth (Fig. 13) 


The mean wind speed of the wettest month at Cristobal is 8 aph. 
At Balooa Heights th correspumling figure is about 6 mph, A range of 
2 mph on oach side of each mean 1s considered aumlogous, Balboa Heights 
analogy thus axtends from 4 to 8 mph and Cristobal Analogy from 6 to 10 
mph. 


Although no areas of analogy are drawn on Picure 13 because af 
insuffielent data, a number of widely dispersed analogous stations ame 
shown, 


6. Anvlysis of comrosite raps (Fig. 14 and 14} 


Two maps, Figure 14 for Baltca Heights ard Fiouwre 1§ for Cristobal, 
are presented to show the extent within the Study area of comr>site anal- < 
ogy of the more important elements pressated singly elsewhere. The ele~ 
ments for which araas of analogy are fully nintted on the composite maps 
are (1) the mean temperature of the varmest, verth, (2) the mean tea 
erature of the coldest month, and (3) mean annual precipitation, See 
cause of the importance of seasonality cf Precipiintias in the tropdes, 
areas which are analogous with respect to the umter of wet nenths are 
also shown, bat cnly where they occur within 7reas walegous with 
respect to the other three elements. This is dowe because full presen 
tation of a fourth element would mike the adjs difficult Lo read, 

Areas of three- or four-way analogy to one Cana) Zone station or the 
other occupy pactically the whole coset of the siudy area south of 13° N, 
except on the western shore of the Bight of Benin. Multiple aralcgy to 
Cristobal occurs over most of the areas of Cristcbal anaiczy defined by | 
Figure 6 (mean annual precipitation), The distribution of analogy to \ 
Balboa Heights 1s similar in Figure: Jind 14, "alr. Heights ara Logy i 
45 somewhat more extensive thaa Crincotal an Vice & ause mort cf the 
area his a long, well-marked dry season, 


7. Tatles of monthly valves 

In order to show the month-ty-month charges in tie climatic elements 
considered in this report, a serles of tables (Tables IZ tu IX) a9 in 
cluded shoving mean values cf each elemert fer each rorth ut 23 stations 
throughout the stuly area. The ‘ables reveal certads, characteristics 
of climatic analogy which are rot manifest in the Raps. 


Port Etienne represents the Saharan coast, Fou jecia, Araouan, anc 
Kida) revresent the interior Sahara. Dakar on the coast, aod Kayes, oegou, 
Timba'tu, Niamey, Zinder, and Maidupuri in the artertor are rev-resentative 
of the sudan, Mali is a station near the surait of the Fouts Dialon 
Mountains, Bryla, Scte-Dioulasro, Yendi, and Zungetu are intevicr stations 
at various altitudes between the Gulf of Cutnea and the grdin, Conalery, 
Monrovia, Grand Bassam, Lagos, Calaty, asd Libreville are al? Guiness 
Coast ports, Berberati is on the east flank cf the Cameroor.s~Gahon 
Plateau on the rim of the Congo Fasir, 
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TABLE Ii: STATIONS USED IN THE TABLES OF MCNTHLY VALUES 


Stations Altitude (ft) Latitude (N) Longitude —- Recon (Yrs) 
Temp." Pree, 
Ars ouan 935 18° 54" 3° 33° w 8 ? 
(French Sudan) ‘s 
BALBOA HEIGHTS 118 8° 58" 79°35" Wo 12-34 22-38 
(Canal Zone) a 
Berbera td 1949 &° 15° 15. 48' E ¢ 17 
(Fr. Eq. Afr.) - 
Beyla 2261 8° 4° 8 39° Ww 8 9 
(Fr. Guinea) - “ 
Bobn~Doulasse 1421 11° 10° 4 1B W 1a 30 
(Upper Volta) é - 
Calabar 4O 4 «set 6 19' 8 25 4) 
(Nigeria) me : 
Conakry 52 g° 31" 13° 43' Ww 11 19 
(Fr. Guinea) : a 

CRISTOBAL 6 9° 25! 79 52° W 7-32 8-60 
(Canal Zone) - 

Dakar 134. lb 4y* 17° 30' Ww 25 29 
(Senegal) e - 

Grand Bassam 20 5 12" 7 out 6 19 
(Ivory Coast) ‘s ‘S 

Kayes 184 1a” 26"- 1 26' wW 16 26 
(Fr. Sudan) . ; 
Kidal yal 18" 26° 1° 21' € 7 6 
(Fr. Sudan) a ° 

Lagos 220 6° 27" 3 20° E pal 51 
(Nigeria) . e 

Lioreville 243 0 23° 9 26° § 22 20 
(Fr. Ey, Africa) é 6 

i i@ugurd 1185 ll” az Db nes 2 2 
(Nigeria) ‘ 6 

Mall 4803 12° 08" 12° 18° w 8 nu 
(Fr. Guinea) 3 i, 

Monrovia 230 6 16° uo” 45° W 4 4 
(Liberia) © re 

Moud jer La 66 17° 53° 12” 26° W 9 
(Mauritania) bs - 

Kiamey 715 pe meas 8 z O'E 9 29 
(Niger Territory) : o 

Port Etienne 26 20 54" 17 «~Ol' Ww pt 18 
(Mauritania) ~ ° 

Segou 7h 13° 2k! 6 o9' Ww & 7 
(Fr, Sudan) ra = 

Timtuktu ARG 16 45" 2 55° WwW 15 2h 
(Fr, Sudan) o 

Yendi 686 9° 26° o ol 8 my 6 
(Ghana) ° i o 

Zinder 1676 13° «4et 9 bO'# at ra | 
(Niger Territory) ° o 

Zengeru 428 9 4B 6 10° £ 20 22 
ieigeria) 


Oct, Wow Dec IE 


Li 
i 


Aug 


Jal 


TATIE TIT: MEAN MONTHLY TEMPERATURE (OF) 


anton 


tat Los 


3 
25 


8 a es 8 3 S 
3a 8 e228 8 E 
a 8 ge g@sek 9 
g 2 ease 2 
@a esse & 

Rg ES 8 egae a 
egreRe sk & & 2 6 OF 9 eR BoB eR 
expeeaReegae & & & ess ek sR & & $s 
eperaea xa ke & F s RR GS geR & RS 

ace a pe weer sees Se pea sere 
Pe mos eiaamre 2 oe Ee 
eae ey Spoune cee OS Be ae 
pe Oe ela 
5 5 

ce er 7” 
dghiiliteaeialipisdl 


hh rin ie i lao nte meats Poa tne re 


Araouan 

BALBOA BA TGHTS 
Berveravt 
Tey La 

fetes Doulasse 
Calabar 
Conakry 
CRISTOBAL 
Dakar 

Grand Bassam 
Kayes 

Fidal, 

Lagos 
Libreville 
Maiduguri 
Malt ‘ 
Menrovia 

Moud jeria 
Karey 

Port Etienne 
segou 
Timbuktu 

Tend’ 

Zinder 


Zengeru 
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ettrereeintemnanreen strat hunters ceninn sm panaemeeenmeneniennntnentnaenetnmeteh nett 


Stations fan Feb Mar Apr May Jun Jul Aug Sep Oct Yr 
Araouan 6 2 8 6 HM 7 7 7 «% 65 
BALBOA HEIGHTS 72 71 72 @& ™ M&M MH 7% MB 7 73 
Porbcrath 45 6 & & GF @G@ 6 & 6 a 64 
Beyla 59 66 68 6 G@ & 65 6 % 65 65 
Fobo-Doulasse 60 65 7 7 72 7 Mw 69 6 70 > 1 68 
Calabar A 9890 | 72, 7k 7 A ee 72 
Conakry 72 ™ 7 2 % TT 2 P72 PR 72 in) 
CRISTOBAL ZamMn BMH 7 BH BH 75 % 
Dakar hh 6 oo 6 8 mH HH 7 7 7 
Grad Basse AH 7S BARD AD 7 
Kayes 26565 2zneoenygpnweteht & mM 72 
Kidal a 6 A wMPBA SH BB # 6? 
Lagos a 77 HH he HM BB MH 75 
Libreville RreptprRrenm been 7 wel 
Maiduguri 5 6 & 75 7% 75 7 72 72 PW | 68 
alt 59 & 6 ( 6 8 @& G 41 & {62 
Monrovia nna? Hb DOD RB 2 BR BD 173 
Moud jeria oo eo6n3n7n7r nr th BD HM 70 
Wlaney 599 & & Ff © 7 HB Mh 7 FZ | 70 
Port Etienne % 6 B 9 41 6 65 S & 65 62 
Segoa 3s 30 wa tme MGB Nn Tn FT F2 69 
Timbuktu 5 76 Pp Bm Hb 6 69 
Tendi. 77m & 2 7 0M 7 fF & ra‘ 
Zinder 7 8 72 8B BH 2 NM FR 7 70 
Lengers 66 DAN RRNA Nn Ww 6 63!7 
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raSL& VI: MBAR MA RTCLY ERMCIP TATION (inches) 


Stations Jan Feb Mar dor May Jun Jui Aug Sep Sct Nov Bec Ye 
Araouan T oO. T T 1 6,6 0.4 G5 99 etl col ont 


DALSCA EEIGHTS 1.0 0.6 0.7 2.9 £.0 8.4 Tad af O28 0 210nk, 7 
Bepnera th Bg tog TelG Son: Pe em 7k bl eae 44 oF) 58.8 
Beyla Ble Ach Nh: het? 5-6 -F0 Mo ie 32S Pek ves 


Bebo-Doulasse * Oy Oc7 9 38 5,1 6.0 126 7,9 (BF OnS o aphe.e 


Calabar 1.8 208 (622 8.6223 16.7 18.7 18.1 6.4 b. eC es 
Conakry T 0c) O02 GB 449 21.4 5¢.7 Be? hy AEH 4.3 0.5/6. 
CRLSTLBAL get 2165 165 41 15 13.9 15.4 25.3 4 8 16.8 27 3 12.7 
Dakar ofan Pg Cage? age ee gage a Ae Oe 


Grand Zassam 167 203 6.5 8.8 18.9 25.0 go hl GeO Se yo 2g 


Kayes : 7" 0.1 ¢.9 3.8 6.8 65 54% 14 Ci. ot 
Kida) 0.0 * 20 * 0.2 0.2 +. ae 1 * ot + 
Lagos ti) sig ere 59 0G AE ta? eee ee OM 29 
Libreville ye? 9,6 13.0 13.3 9.6 0.8 o.1 0.8 4.9 182 G4 foie 
Ma idugurd ° L.0 * Os) Vb 217 ced ot ey 6 OG 
Malt 04 Tt & Wad 5:5 Ue 4.41%. 12-6 fad 2 
Monrovia 0.1 0.2 4&3 22-7 13.4 36.1 yu Wb Pg Ae Pee 


Hiond Seria bs 0.0 0.0 6.0 0.1 0.4 09 2.5 1 6 9.39 Oe 
Kiancy . T 0.2 0.4 1.3 3.3 iy Re 900.7. * 


‘Port Etienne 02. * 0.1 ° hg - = 0.5 G2 ° 0.2 


Sep, a 3.0 0.0 © 02 1.6 4 7.5 5 44 0.45 * 
Tinbuktu Co T° «Gel 0.2 0.8 2,7 26 13 Sti T 
Yendi 0.5 0.5 1.9 3-5 3.7 6.6 7.4 8.8109 77 02 
Zinder c.o0 0.0 T ° 0.5 22 5-9 &.9 2.7 6 ® 
Longer 0.0 0.0 0.5 2.4 4.8 6.7 7.5 5.0 16.8 3.5 0.1 


sat . 
Saantities greater than a troce tut not rore than .O% ineh.’ 
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BALBGA HETCOHTS 
Herberatt 
Thay La 
Kobo-Doulasse 
Calabar 
Conakry 
CRISTCEAL 
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Kidal 
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Niam oy 
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Seow 
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Zengera 
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2% 
1.9 
0.9 
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Oct 
a9 
vy i 
7-5 
4.8 
2.9 
B.? 
5-5 
74 
4.7 
4.7 
5.9 
121 
5.6 
Vad 
0.3 
3.5 
6.7 
LS 
2.6 
La 
2.8 
267 
4.1 
14 
+0 


Kow 
1.5 
7.6 
6.9 
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Steins Jan Feb Mar ape Map Su jul dag Sp Gt ke Bs te 
Aracuan 50. 37 wal ree? Ne eo soe Me A 
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BALHCA HEIGHTS 76 i). ay 2 aes a5 8° th 67 
Seybera th 7 GF OS an 9p PL OD of ok 85 D4 , 80 


7 «#375 ~=«70 9°«8 cl Ga 


2 


Seyla 


+2 
' 
SghoDeulasss 3 35 up §2 62 9 “337 & BN 55 bi | 59 


Crlahar sm ep. a 8 & & ae a. a ee eS 
Conakry > 6@ 7 — 83 36 5 ey fs BF 79 | m® 
CRTC TCSAL Do ey @ ae Mae fe & es te % 85 35 & BF $2 
Dakar “Ss 6 2 7 Rw “% Rm & 7% 7 6173 


Grind Zassam ns) rs no ro a ty en.” | ch fs oT BS 


hayes 30 2425 on wm St TS % we ep) CD. 30 | 43 
¥idal® coal cain ace iain Same Se SINS aneecee nee logs 
lares mm 7 «7 7% BO te jm 36 f&2 & 6 = 50 
Libreville Bs 86 8 a wm e & & a 87 & F § 
Fancuguri oy at ee ES ere 1 3 \\ 
Eola 56 3933 5 iS te. 8 m 8 MH ast 48. 907 
Nenrovia 60 64 Bh & gp. fe 8€ MS. ss t@ fy v8 . 5 
Youd seria ng 8g ae Ee 8 a, Be Re Se ie) 
Kianey 29 «29°25 ap) 43 g 6 % 7 a, oe ub, 
Port Etlenne a 6 2 7s mn 7% 6 7 Sa = & 172 
Sere os a 6 3 & FW ns 6 * 2 @ 46 3 
Tinbukta % 2 %W 7 2% a. 68 8 OR a }32 
Torts ng go. ty TGR ARE 635 hn 
Zimer 2B @ 4 «6 we ff 6? OF & 2 aM bs 
Zangere 6 0 3 8 Bo TG Me hb 
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a rn eg aoa 
TABLE IX: MEAN WIND SPFED (mph) 
Station Jan Feb Mar Apr May Jun Jul Aug Sep Oct Moy Dec Tr 


Araouan 2.4 3.4 362 3-1 3.7 4,2 4.2 4.8 3.8 4,2 344 5-5 3.8 
BALBOA HEIGHTS 6,8 10.1 10.3 8.8 6.1 5.4 5.9 5.9 5.6 6.3 5.8 6.41 7.1 


2earberaty * a en teenth atten ne sree oe ne cee ne mtn 


Beyla* a a ee ae ee me nk a aN RR em Tm 


Bobo-Doulasse 1.6 --- 1.6 3.6 3.6 3.6 2.4 1.4 L& 2.6 0.0 0.0/— 


Calabar 9.1 13.7 14.8 12.6 92.6 12.1 12.6 11.6 10.6 11.1 10,1 10.6/11.6 
Conakry 5.7 6.5 662 6.8 6.8 6.6 6.7 6.4% 5.2 %.5 3.5 3.7] 57 
CRISTOBAL - 14.1 14,8 14.8 12.5 g.0 6.6 8.1 7.9 6.2 6.6 8.0 11.8] 9.9 


Dakar 8.2 9.6 10.6 10.0 9,3 5.6 5.0 5.4 5.2 5.3 7.8 6.6] 7.6 
Grand Hassam 54 6.0 6.8 6.8 6.4 5.6 6.2 4.9 4.0 5.0 5.2 6.0) 5.7 


Kayes 2.2 2.4 2.8 2.9 4.2 && 4.0 3.2 2.6 21° 2.0 2.0 2.9 
Kidal 2.0 2.0 5.0 4.0 4.6 5.0 5.0 2.0 2.0 2.0 2.0 1.0} 3.0 
lagos 24 5.2 6.4% 5.5 3.9 &.7 8.6 9.9 B.0 4.1 4.0. 2.8| 5.4 
LY 5 Pe eee OO Ae Mee L NN ene 

: Maidugurl 9.0 9.910.) 9.5 8.2 6.8 6.6 6.1 5.5 5.5 d& Bt] 7.8 
Malt 3.7 2.7 3.6 2.6 3.0 2.8 1.1 28% 1.2 2.9 2.2 2.6] 2.6 
Monrovia® BE cer eaten Mores es Str SES oS NS ere aes 


Moud jerta® TREE wae 


Niamey 20.0 8,0 10.0 12.0 1h.9 12.0 12.0 9.0 B.0 6.0 6.0 9.0: 9.6 
Port Etienne 13.8 13.8 18.0 17.6 18.8 20.2 18.2 15.6 16.8% 13.3 13.6 10.0/15.8 


Sagou* eran <e-enbcete ae ne te a lp aN ete a 


Timbuktu 4.0 4.9 4.6 4.2 4.2 &.7 5.2 5.3 4.6 439 4.2 4] m5 


Yendi* toca se ene oman eg eenatn eesemamnmetD “ene eee 


Zinder - 6.7 5.8 4.5 4.8 5.68 $.0 &.7 3.5 3.2 30 34% 4.6) 4.6 


: eora® ee erence cements ere sh mata steer sanceinmtaenseee HN 
: *No data available 
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HEADQUARTERS. 
QUARTERMASTER RESEARCH & ENGINEERING COMMAND, US ARMY 
OFFICE OF THE COMMANDING OENERAL 


NATICK, MASSACHUSETTS 


Major General Andrew T. McNamara 
The Quartermaster General 
Washington 25, D.C. 


Dear General McNenara: 
This report, "Analogs of Canal Zone Climate in West Central 
Africa", is the fourth of a series of studies comparing the 
climates of tropical areas with the climate of the Canal Zone. 
The report presents information for military planners and 
test personral on the sxtent to which the climtes of Balbos : } 
Heights and Cristobal in the Canal Zone resemble those of West 
Central africa. Thue it suggests the applicability to other 
tropical regions of the results of clothing and equipment tests 
conducted in the Canal Zone. 


Sincerely yours, 


LEG 


1 Inel C. G. CALLOWAT 
EP-93 Major General, USA 
Commanding 


